Osteosarcomas of the craniofacial bones account for fewer than 10% of all osteosarcomas. Primary osteosarcomas of the nasal cavity and paranasal sinus are rare (0.5-8.1% of the osteosarcomas occur in this location). Because of the rarity of this presentation, we report a case of osteogenic osteosarcoma arising de novo from the ethmoid bone in a 13 year old male who presented with discharge from the right eye and headaches. We describe the imaging features of this rare tumor and provide a brief review of the literature.
CASE REPORT
A 13 year old male previously healthy presented with dark discharge from his right eye and moderate headaches for two months, not relieved with over-the-counter medications. On physical exam, proptosis with inferolateral deviation of the right eye with a mass in the medial aspect of the orbit was noted. An MRI of the orbit was done. The pre-contrast and T2 weighted images revealed a predominantly hypointense expansile mass centered at the right ethmoid sinus that extended medially through the right lamina papyracea causing right-sided proptosis and inferiorly to the nasal cavity causing obstruction of the right frontal sinus outflow tract (Fig. 1a, 1c) . After administration of IV gadolinium contrast, a radiating striated "sunburst" appearance of enhancement was noted (Fig.  1b, 2a, 2b ). There was no invasion of the dura or brain parenchyma. 99m Tc diphosphonate bone scan demonstrated an intense radiotracer uptake in the nasal cavity corresponding to the tumor, with no evidence of distant metastasis (Fig. 3a,  3b ). The bony character of the tumor was well demonstrated in the CT scan of the head (Fig. 4a, 4b, 4c) . CT of the chest, abdomen and pelvis did not show any evidence of metastases.
Preoperative endoscopic biopsy was done which showed "Sections from the sinus mass demonstrate pleomorphic cells with numerous mitoses and some atypical mitotic figures with osteoid in the background, some suspicious for malignant osteoid associated with osteosarcoma" (Fig 5 a) .
The macroscopic surgical resection specimen revealed a well circumscribed mass arising from the right ethmoid bone measuring approximately 5.3 cm in the greatest dimension and was composed entirely of solid white bone with no areas of hemorrhage or necrosis. It showed tumor free margins. The microscopic evaluation revealed tumor cells with a vague whirling appearance, which raised the possibility of an atypical meningioma. The cells were positive for vimentin and negative for epithelial membrane antigen, arguing against meningioma (Fig. 5b, 5c ). In conjunction with the radiological appearance, high-grade osteogenic osteosarcoma was diagnosed.
The patient received twelve cycles of neoadjuvant chemotherapy prior to craniofacial resection and adjuvant chemotherapy after surgery. We have followed this patient for the last 24 months; he is receiving chemotherapy and has been free of local recurrence and distant metastases.
Etiology & Demographics:
Osteosarcomas of the head and neck represent a small percentage of all osteosarcomas with studies reporting incidence between 0.5-8.1percent [1, 2] . These tumors usually present in the third to fourth decades of life, later than the presentation of osteosarcoma arising in the long-bones and usually occur as secondary tumors after radiation therapy, thorium oxide exposure, chemotherapy, inherited predispositions to development of osteosarcoma, or arise from a preexisting benign bone disease such as Paget's disease, bone infarcts, osteomyelitis , trauma [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11] . No gender predominance has been described [1, 12, 13, 14, 15] . The most frequent site of location for craniofacial osteosarcomas is the mandible and maxilla [2, 6, 9, 11, 12, 15, 16,] .
Osteosarcomas can be divided into a number of subtypes according to degree of differentiation, location within the bone, and histological variants. These subtypes vary in imaging findings, demographics and biological behavior, and include: intramedullary: which is the most common encompassing 80 percent of the cases and include: conventional high-grade, telangiectatic osteosarcoma, and lowgrade osteosarcoma. Surface or juxtacortical is the second most common encompassing 10-15%. These include intracortical osteosarcoma, parosteal osteosarcoma and periosteal osteosarcoma. Finally, the extraskeletal osteosarcoma represents 5% of the cases.
Osteosarcomas of the ethmoid sinus are rare, particularly in pediatric patients [5, 6] . In our review, we found only 14 reported cases of ethmoidal osteosarcoma in the English and Japanese literature [16] .
In a 2001 publication based on cases retrieved from the Otorhinolaryngic Head & Neck Tumor Registry of the Armed Forces Institute of Pathology (AFIP), Gadwal et al reported twenty-two cases of osteosarcomas of the head and neck in patients 18 years of age or younger, diagnosed between 1970 and 1997, which excluded those that were radiation-induced or those arising after chemotherapy or associated with known syndromes [1] . Our case with de novo osteosarcoma arising in the ethmoid sinus is notable because this is one of the rare pediatric patients with primary osteosarcoma of the head and neck.
Osteosarcomas of the paranasal sinus tend to be in patients over 30 years of age [4, 12, 15] . Primary pediatric osteosarcoma of the head and neck is rare, as was mentioned by Kirby et al in their article in 2011 [2, 11] . With only a handful of case reports and a small study series (up to 7 patients) reported in the English language literature [1] .
According to Maes P et al osteogenic osteosarcoma of the face is one of the rarest tumors encountered in childhood oncology [17] . In 1979 , Huvos reported approximately 412 published cases of osteogenic sarcoma of craniofacial bones in the literature after registering them for 60-year period and found that patients with de novo osteogenic osteosarcoma were considerably younger than those with secondary lesions [14] . Our patient was 13 year old when diagnosed.
Like the discussion case, nearly all the ethmoid sinus osteosarcomas are high grade [5, 12] .
Approximately 35-50% of tumors are categorized as osteoblastic, like the tumor in our patient; with chondroblastic or fibroblastic subtypes being the other subtypes [12, 15, 18] . Hematogenous metastases occur less frequently in high-grade sinonasal osteosarcoma than in osteosarcomas of long bones, although metastases to the lungs and other bones, as well as lymph node metastases have been reported [5] . The main problem of craniofacial osteosarcomas is extension to the neighboring bones and anatomical structures including the nasopharynx, orbit and cranium [5, 12, 15] .
Clinical & Imaging Findings:
The clinical presentation is non-specific: pain, epistaxis, paresthesia, swelling, lacrimation, nasal obstruction and displacement of the eye; such as in our patient [5, 12, 15] .
Like osteosarcoma in general, craniofacial osteosarcomas exhibit variable imaging features depending on the extent of bone destruction, soft tissue extension and matrix composition [5, 10] .
Radiologic studies are critical for evaluation of the primary tumor and detection of metastatic disease. Imaging evaluation for patients with confirmed osteosarcoma, in addition to radiographs of the primary site, include magnetic resonance imaging (MRI) and/or computed tomography (CT) scan of the primary site. Staging studies should include whole body bone scan, chest x ray and CT scan of the chest. Conventional radiographs represent the first method of radiographic evaluation of the head and neck osteosarcomas; however, they are of limited value because of the superimposed bony structures [18] . Typically they demonstrate an aggressive bone tumor with cortical and medullary destruction with wide transition zone, permeative or motheaten appearance, aggressive periosteal reaction (sunburst type and Codman triangle; the lamellated (onionskin) reaction is less frequently seen. CT scanning may be helpful locally when the radiographic appearances are confusing, particularly in areas of complex anatomy. CT provides excellent detection of tumor calcification, cortical involvement, and, in most instances, soft-tissue and intramedullary extension [18] . Computed tomography is of great value as a guide to biopsy. MRI is accurate for local staging, particularly for evaluation of intraosseous tumor extension and soft-tissue involvement. Soft tissue components of the tumor demonstrate intermediate signal intensity on T1 and high signal intensity on T2. Mineralized components demonstrate low signal intensity on T1 and T2. Solid components enhance after the administration 
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www.RadiologyCases.com 3 of intravenous contrast. Peritumoral edema shows high signal intensity on T2. Scattered regions of hemorrhage will have variable signal. However, CT and plain films are superior to MR in detecting the matrix calcifications and bone destruction or reaction [18] . 99m Tc diphosphonate bone scans have documented high sensitivity for demonstration of primary and metastatic bone deposits because of the increased osteoblastic activity induced by the tumor [19] . As many as 20% of osteosarcoma patients will have radiographically detectable metastases at diagnosis, with the lung being the most common site [20, 21] .
The radiologic studies in our patient demonstrated an expansile lesion centered in the ethmoid sinus showing a "sunburst enhancement of the striations" representing tumor bone as is frequently described with osteosarcomas of the extremities. Multiple lesions including benign and malignant tumors may have similar pathologic and radiologic findings, making the diagnosis difficult.
Treatment & Prognosis:
Treatment options include surgery, neoadjuvant and adjuvant chemotherapy but similar to osteosarcoma of the extremities, adequate surgical resection is considered a mainstay of treatment [7, 15] For the purposes of treatment, there are only two stages of high-grade osteosarcoma, either localized or metastatic. The osteosarcomas of head and neck have less risk of distant metastases but a higher rate of local recurrence which may be due to difficulty in achieving wide surgical margins because of anatomic and cosmetic reasons [9] . Patients with localized disease have a much better prognosis than those with overt metastatic disease. Resectability of the tumor is an important prognostic factor because osteosarcoma is relatively resistant to radiation therapy [9, 13, 21] . Surgery is followed by appropriate adjuvant therapy as warranted. According to Patel et al surgical free margins appear to be the only significant predictors of overall and disease-specific survival, and the patient prognosis does not vary if the osteosarcoma arises de novo or as a second malignant neoplasm [22] . However, some authors consider that the most important good prognostic variable for patients with osteosarcoma of the extremity is tumor necrosis evident following preoperative chemotherapy [13, 23, 24] . The tumor in our patient did not respond to neoadjuvant therapy given the absence of necrosis in the surgical specimen.
Local recurrence is common, but according to Gadwall SR et al, the presence of local recurrence does not change the prognosis [1, 12, 15] . Jasnau et al in their cohort found a local failure rate of approximately 50%, which was similar to the observed rate by most others [15] . The National Cancer institute says that approximately 50% of relapses occur within 18 months of therapy termination, and only 5% of recurrences develop beyond 5 years [23] . In our patient, the tumor was high grade with free margins and it has not recurred locally 24 months after the resection.
After administration of preoperative chemotherapy, surgical resectability and the degree of tumor necrosis influence outcome. In general, prognostic factors in osteosarcoma have not been helpful in identifying patients who might benefit from treatment intensification or who might require less therapy while maintaining an excellent outcome [23] .
Prognosis is more favorable for jaw lesions: approximately 30-40% 5-year survival rate versus 20% for non-jaw lesions [1, 24, 25] . There are some data that suggest that this prognosis is increasing with better adjuvant therapies [1] . Some authors agree that high grade osteosarcomas of the head and neck have a poorer outcome than osteosarcomas of the peripheral skeleton [1] .
Differential Diagnoses:
The differential diagnosis of osteosarcoma tumors clinically, histopathologically and radiographically is broad including but not limited to benign and malignant tumors and infectious processes. Tumors such as chondrosarcomas, fibrous dysplasia, osteoblastomas and osteomyelitis may mimic osteosarcomas [ Table 2 ].
The presence of chrondroid matrix in chondrosarcomas may be indistinguishable from a less aggressive osteosarcoma on noncontract CT [5] . Regions of bone density may be observed in these tumors because of localized ossification.
Fibrous dysplasia was considered in the differential diagnosis. These patients also may present with proptosis and often present within the first two decades of life such as our patient; however, this is a benign process. Radiologically, fibrous dysplasia may also mimic a malignant process. It causes expansion of the involved bone but maintains a thinned, intact cortical boundary; osteosarcomas destroy cortical boundaries [25] . Another diagnostic consideration was primary squamous cell carcinoma of the nasal cavity and paranasal sinus but is not typically a disorder of childhood. Osteoblastomas may have similar pathologic findings as osteosarcoma; however, the presence of atypical cells and destructive radiologic appearance of such osteosarcomas helps to distinguish them from osteoblastomas [1] . Other malignant neoplasms such as melanoma, adenoid cystic carcinoma, adenocarcinoma, lymphoma and undifferentiated carcinoma can occur in the sinonasal cavities but, again, are diseases of adulthood. Osteomyelitis should be included in the differential diagnosis; nonetheless, no infection was found in our patient [ Table 2 ]. In the pediatric age group, rhabdomyosarcoma can occur in the sinonasal cavities, but these present as enhancing soft tissue masses on imaging.
In conclusion, ethmoid sinus osteosarcoma is a rare disease. The presentation of primary osteosarcoma arising de novo in the ethmoid sinus as a solitary mass in a pediatric patient as opposed to the typical long bone location is rare. Our patient illustrates that osteosarcoma of the sinus should be considered when a sinonasal tumor occurs in a child.
Primary osteosarcomas of the ethmoid sinus are rare with no differences in terms of prognosis if the tumor arises de novo or a second malignancy. Figure 1 : 13 year old male with primary osteosarcoma of the ethmoid sinus. Protocol: Non-contrast and post contrast MRI images were acquired at 1.5 T Siemens Somaton. 8 ml of Gadopentetate dimeglumine was administered 1a) An axial precontrast MRI T1 shows a predominantly hypointense expansile mass centered in the right ethmoid sinus (asterisk) extending through the right lamina papyracea, causing right-sided proptosis (short arrow) and sphenoid sinus obstruction (long arrow) (TR 567 TE 15). 1b) Post contrast axial T1 weighted images with fat saturation showing heterogeneously enhancing tumor centered in the right ethmoid sinus and right nasal cavity, with hypoenhancing ossified areas (TR 518 TE 15). 1c) An axial fat suppressed T2 weighted axial images shows a predominantly hypointense expansile mass centered in the right ethmoid sinus (asterisk) extending through the right lamina papyracea, causing right-sided proptosis (short arrow) and sphenoid sinus obstruction (long arrow) (TR 5000 TE 96). 13 year old male with primary osteosarcoma of the ethmoid sinus. Protocol: Postcontrast MRI images were acquired at 1.5 T Siemens Somaton. 8 ml of Gadopentetate dimeglumine was administered. a) Coronal post contrast T1 weighted images demonstrate an expansile lesion of the right ethmoid sinus (asterisk) that extends inferiorly to the nasal cavity and obstructs the outlet of the frontal sinus (long arrow) and right maxillary sinus (short arrow). There is sunburst appearance of the septations after the administration of contrast. There is no enhancement in the meninges or brain parenchyma to suggest extension (TR 907 TE 15). b) Sagittal post contrast T1 weighted images demonstrate an expansile lesion of the right ethmoid sinus (asterisk) that extends inferiorly to the nasal cavity and obstructs the outlet of the frontal sinus (long arrow).There is sunburst appearance of the septations after the administration of contrast. There is no enhancement in the meninges or brain parenchyma to suggest extension (TR 906 TE 15).  Increased radiotracer uptake of the tumor and metastases.
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